MODIFIED BOVINE ADENOVIRUS HAVING ALTERED TROPISM 



CROSS-REFERENCE TO RELATED APPLICATIONS 

5 This application claims the benefit of U.S. Provisional Application Serial No. 

60/208,678, filed May 31, 2000, hereby incorporated herein in its entirety. 

TECHNICAL FIELD 
This invention relates to bovine adenoviruses comprising a modification in a 
10 capsid protein and which exhibit altered tropism. The present invention also relates 

to methods of making and using bovine adenoviruses having altered tropism. 

BACKGROUND ART 
The adenoviruses cause enteric or respiratory infection in humans as well as 

15 in domestic and laboratory animals. The bovine adenoviruses (BAV) comprise at 

least nine serotypes divided into two subgroups. These subgroups have been 
characterized based on enzyme-linked immunoassays (ELIS A), serologic studies with 
immunofluorescence assays, virus-neutralization tests, immunoelectron microscopy, 
by their host specificity and clinical syndromes. Subgroup 1 viruses include BAV 1, 

20 2, 3 and 9 and grow relatively well in established bovine cells compared to subgroup 

2 which includes BAV 4, 5, 6, 7 and 8. 

BAV3 was first isolated in 1965 and is the best characterized of the BAV 
genotypes, containing a genome of approximately 35 kb (Kurokawa et al (1 978) J. 
Virol. 28:212-218). Reddy et al. (1998, Journal of Virology, 72:1394) disclose 

25 nucleotide sequence, genome organization, and transcription map of BAV3 . Reddy 

et al. (1999, Journal of Virology, 73: 9137) disclose a replication-defective BAV3 as 
an expression vector. BAV3, a representative of subgroup 1 of BAVs (Bartha (1969) 
Acta Vet. Acad. Sci. Hung. 19:319-321), is a common pathogen of cattle usually 
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resulting in subclinical infection (Darbyshire et al. (1965). J. Comp. Pathol. 75:327- 
330), though occasionally associated with a more serious respiratory tract infection 
(Darbyshire et al., 1966 Res. Vet. Sci. 7:81-93; Mattson et al., 1988 J. Vet Res 49:67- 
69). Like other adenoviruses, BAV3 is a non-enveloped icosahedral particle of 75 
nm in diameter (Niiyama et al. (1975) J. Virol. 16:621-633) containing a linear 
double-stranded DNA molecule. BAV3 can produce tumors when injected into 
hamsters (Darbyshire, 1966 Nature 21 1:102) and viral DNA can efficiently effect 
morphological transformation of mouse, hamster or rat cells in culture (Tsukamoto 
and Sugino, 1972 J. Virol. 9:465-473; Motoi et al., 1972 Gann 63:415-418). Cross 
hybridization was observed between BAV3 and human adenovirus type 2 (HAd2) 
(Hu et al., 1984 J. Virol. 49:604-608) in most regions of the genome including some 
regions near but not at the left end of the genome. 

Porcine adenovirus (PAV) infection has been associated with encephalitis, 
pneumonia, kidney lesions and diarrhea. See Derbyshire (1992) In: "Diseases of 
Swine" (ed. Leman et al.), 7th edition, Iowa State University Press, Ames, IA. pp. 
225-227. It has been shown that PAV is capable of stimulating both humoral 
response and a mucosal antibody responses in the intestine of infected piglets. 
Tuboly et al. (1993) Res. in Vet. Sci. 54:345-350. Cross-neutralization studies have 
indicated the existence of at least five serotypes of PAV. See Derbyshire et al. 
(1975) J. Comp. Pathol. 85:437-443; and Hirahara et al. (1990) Jpn. J. Vet. Sci. 
52:407-409. Previous studies of the PAV genome have included the determination of 
restriction maps for PAV Type 3 (PAV-3) and cloning of restriction fragments 
representing the complete genome of PAV-3. See Reddy et al. (1993) Intervirology 
36:161-168. In addition, restriction maps for PAV-1 and PAV-2 have been 
determined. See Reddy et al. (19956) Arch. Virol. 140:195-200. 

Nucleotide sequences have been determined for segments of the genome of 
various PAV serotypes. Sequences of the E3, pVIII and fiber genes of PAV-3 were 
determined by Reddy et al. (1995) Virus Res. 36:97-106. The E3, pVIII and fiber 



genes of PAV-1 and PAV-2 were sequenced by Reddy et al. (1996) Virus Res. 43:99- 
109, while the PAV-4 E3, pVIII and fiber gene sequences were determined by 
Kleiboeker (1994) Virus Res. 31:17-25. The PAV-4 fiber gene sequence was 
determined by Kleiboeker (1995) Virus Res. 39:299-309. Inverted terminal repeat 
(ITR) sequences for all five PAV serotypes (PAV-1 through PAV-5) were 
determined by Reddy et al (1995) Virology 212:237-239. The PAV-3 penton 
sequence was determined by McCoy al. (1996) Arch. Virol. 141:1367-1375. The 
nucleotide sequence of the El region of PAV-4 was determined by Kleiboeker (1995) 
Virus Res. 36:259-268. The sequence of the protease (23K) gene of PAV-3 was 
determined by McCoy et al. (1996) DNA Seq. 6:251-254. The sequence of the PAV- 
3 hexon gene (and the 14 N-terminal codons of the 23K protease gene) has been 
deposited in the GenBank database under accession No. U34592. The sequence of 
the PAV-3 100K gene has been deposited in the GenBank database under accession 
No. U82628. The sequence of the PAV-3 E4 region has been determined by Reddy 
et al. (1997) Virus Genes 15:87-90. Vrati et al. (1995, Virology, 209:400-408) 
disclose sequences for ovine adenovirus. 

At least 47 serotypes of human adenoviruses have been described. Reviews 
of the most common serotypes associated with particular diseases have been 
published. See for example, Foy H.M. (1989) Adenoviruses In Evans AS (ed). Vjral 
Infections of Humans . New York, Plenum Publishing, pp 77-89 and Rubin B.A. 
(1993) Clinical picture and epidemiology of adenovirus infections, Acta Microbiol. 
Hung 40:303-323. The capsid of a human adenovirus demonstrates icosahedral 
symmetry and contains 252 capsomers. The capsomers consist of 240 hexons and 12 
pentons with a projecting fiber on each of the pentons. The pentons and hexons are 
each derived from different viral polypeptides. The fibers, which are responsible for 
type-specific antibodies, vary in length among human strains. The hexons are group 
specific complement-fixing antibodies, whereas the pentons are especially active in 
hemgglutination (Plotkin and Orenstein, Vaccines , 3rd edition, W.B. Saunders 



Company Philadelphia, pp609-623). The fiber region assumes a homotrimeric 
conformation which is necessary for association of the mature fiber protein with the 
penton base in the formation of the adenovirus capsid. Fiber associates with penton 
base by virtue of non-covalent interactions between the amino terminus of the fiber 
trimer and a conserved domain within the penton base. It has been shown that the 
globular carboxyterminal knob domain of the adenovirus fiber protein is the ligand 
for attachment to the adenovirus primary cellular receptor (Krasnykh et al. (1996) 
Journal of Virology, 70:6839.). The distal, C-terminal domain of the trimeric fiber 
molecule terminates in a knob which binds with high affinity to a specific primary 
receptor. After binding, Arg-Gly-Asp (RGD) motifs in the penton base interact with 
cellular integrins of the avp3 and avp5 types which function as secondary receptors. 
This interaction triggers cellular internalization whereby the virion resides within the 
endosome. The endosome membrane is lysed in a process mediated by the penton 
base, releasing the contents of the endosome to the cytoplasm. During these 
processes, the virion is gradually uncoated and the adenovirus DNA is transported 
into the nucleus (Shayakhmetov et al. (2000) Journal of Virology 74:2567-2583). 

For general background references regarding adenovirus and development of 
adenoviral vector systems, see Graham et al. (1973) Virology 52:456-467; Takiff et 
al. (\92>\) Lancet 11:832-834; Berknerefa/. (1983) Nucleic Acid Research 11: 
6003-6020; Graham (1984) EMBO J 3:2917-2922; Bett et al. (1993) J. Virology 
67:591 1-5921; and Bett et al. (1994) Proc. Natl. Acad. Sci. USA 91:8802-8806. 

Adenoviruses generally undergo a lytic replication cycle following infection 
of a host cell. In addition to lysing the infected cell, the replicative process of 
adenovirus blocks the transport and translation host cell mRNA, thus inhibiting 
cellular protein synthesis. For a review of adenoviruses and adenovirus replication, 
see Shenk, T. and Horwitz, M.S., Virology, third edition, Fields, B.N. et al, eds., 
Raven Press Limited, New York (1996), Chapters 67 and 68, respectively. 



The application of genetic engineering has resulted in several attempts to 
prepare adenovirus expression systems for obtaining vaccines. Examples of such 
research include the disclosures in U.S. Patent 4,510,245 of an adenovirus major late 
promoter for expression in a yeast host; U.S. Patent 4,920,209 on a live recombinant 
adenovirus type 7 with a gene coding for hepatitis-B surface antigen located at a 
deleted early region 3; European Patent 389 286 on a non-defective human 
adenovirus 5 recombinant expression system in human cells for HCMV major 
envelope glycoprotein; WO 91/1 1525 on live non-pathogenic immunogenic viable 
canine adenovirus in a cell expressing El A proteins; and French Patent 2 642 767 on 
vectors containing a leader and/or promoter from the E3 region of adenovirus 2. 
United States Patent Numbers 6,001,591 and 5,820,868 and International Publication 
Number WO 95/16048 disclose recombinant protein production in bovine adenovirus 
expression vector systems. United States Patent Number 5,922,576 discloses systems 
for generating recombinant adenoviruses. 

Krasnykh et al (1996, Journal of Virology, 70:6839), Zabner et al (1999) 
Journal of Virology ,73:8689), and Shayakhmetov et al supra report generation of 
human adenovirus vectors with modified fiber regions. Xu et al (1998, Virology, 
248:156-163) disclose an ovine adenovirus carrying the fiber protein cell binding 
domain of human Adenovirus Type 5. 

The disclosure of all patents and publications cited herein are incorporated by 
reference in their entirety. 

DISCLOSURE OF THE INVENTION 
The present invention provides adenoviruses, preferably bovine adenoviruses, 
comprising a modification in a polynucleotide encoding a capsid protein, or fragment 
thereof, wherein said protein, or fragment thereof, is associated with tropism and 
wherein said modification is associated with altered tropism. The present invention 
further provides host cells and methods comprising the modified adenoviruses. 



Accordingly, the present invention provides bovine adenovirus vectors comprising a 
modification in a polynucleotide encoding a capsid protein, or fragment thereof, 
wherein said protein, or fragment thereof, is associated with tropism and wherein said 
modification is associated with altered tropism. In some embodiments, the 
polynucleotide encoding a capsid protein, or fragment thereof, is replaced with a 
polynucleotide encoding a heterologous mammalian capsid protein, or fragment 
thereof. The capsid protein, or fragment thereof, includes adenovirus penton, hexon 
or fiber proteins, or fragments thereof. In some embodiments, the modification is in a 
polynucleotide encoding the knob region of a fiber protein. In other embodiments, a 
polynucleotide encoding a bovine adenovirus penton, hexon and/or fiber protein(s) is 
replaced with at least one polynucleotide encoding a heterologous mammalian 
adenovirus penton, hexon and/or fiber protein(s), respectively. In additional 
embodiments, a polynucleotide encoding a bovine adenovirus penton protein, or 
fragment thereof, is replaced with at least one polynucleotide encoding a 
heterologous mammalian adenovirus penton protein, or fragment thereof; a 
polynucleotide encoding a bovine adenovirus hexon protein, or fragment thereof, is 
replaced with at least one polynucleotide encoding a heterologous mammalian 
adenovirus hexon protein, or fragment thereof; or a polynucleotide encoding a bovine 
adenovirus fiber protein, or fragment thereof, such as a knob region, is replaced with 
at least one polynucleotide encoding a heterologous mammalian adenovirus fiber 
protein, or fragment thereof, such as a heterologous knob region of a fiber protein. 

In further embodiments, heterologous mammalian adenoviruses include bovine, 
porcine, ovine, canine or human adenovirus. In additional embodiments, bovine 
adenoviruses include sub-type 1 adenovirus, and in particular BAV3, or sub-type 2 
adenovirus. In other embodiments, the bovine adenovirus vector further comprises a 
polynucleotide encoding a heterologous protein. In some embodiments, the 
heterologous protein is a therapeutic protein. In other embodiments, the heterologous 
protein includes cytokines; lymphokines; membrane receptors recognized by 



pathogenic organisms, dystrophins; insulin; proteins participating in cellular ion 
channels; antisense RNAs; proteins capable of inhibiting the activity of a protein 
produced by a pathogenic gene, a protein inhibiting an enzyme activity, protein 
variants of pathogenic proteins; antigenic epitopes; major histocompatibility complex 
classes I and II proteins; antibodies; immunotoxins; toxins; growth factors or growth 
hormones; cell receptors or their ligands; tumor suppressors; cellular enzymes; or 
suicide genes. In yet other embodiments, an adenovirus vector lacks El function. In 
additional embodiments, an adenovirus vector has a deletion in part or all of the El 
gene region. In further embodiments, the adenovirus vector has a deletion of part or 
all of the E3 gene region. In yet further embodiments, a polynucleotide encoding a 
heterologous protein is inserted in the adenovirus El gene region. In other 
embodiments, a polynucleotide encoding a heterologous protein is inserted in the 
adenovirus E3 gene region, hi further embodiments, an adenovirus vector is 
replication-defective, and in yet further embodiments, an adenovirus vector is 
replication-competent. The present invention also encompasses host cells comprising 
a bovine adenovirus vector having a modification in a polynucleotide encoding a 
capsid protein, or fragment thereof. 

The present invention also provides methods of producing a recombinant 
bovine adenovirus vector comprising a modification in a polynucleotide encoding a 
capsid protein, or fragment thereof, comprising the steps of, obtaining a bovine 
adenovirus vector; and introducing a modification into a polynucleotide encoding a 
capsid protein, or fragment thereof, wherein said capsid protein, or fragment thereof, 
is associated with tropism and wherein said modification is associated with altered 
tropism. In some embodiments, the modification is a replacement of at least one 
polynucleotide encoding a bovine adenovirus penton, hexon and/or fiber protein, or 
fragment thereof, with a heterologous mammalian penton, hexon and/or fiber protein, 
or fragment thereof. In other embodiments, the modification is a replacement of a 
polynucleotide encoding a knob region of a fiber protein. In further embodiments, 



the adenovirus vector further comprises a polynucleotide encoding a heterologous 
protein. 

The present invention further provides recombinant bovine adenoviruses 
comprising a modification in a capsid protein, or fragment thereof, wherein said 
capsid protein, or fragment thereof, is associated with tropism and wherein said 
modification is associated with altered tropism. In further embodiments, recombinant 
adenoviruses comprise polynucleotides encoding a heterologous protein. In further 
embodiments, a polynucleotide encoding a heterologous protein is inserted in the 
adenovirus El gene region; in yet further embodiments, a polynucleotide encoding a 
heterologous protein is inserted in the adenovirus E3 gene region. In some 
embodiments, a recombinant adenovirus is replication-competent and in other 
embodiments, a recombinant adenovirus is replication-defective. In some 
embodiments, a recombinant adenovirus comprises a replacement of at least one 
polynucleotide encoding a bovine adenovirus penton, hexon and/or fiber protein(s), 
or fragment thereof, with a heterologous mammalian penton, hexon and/or fiber 
protein(s), or fragment thereof. In yet further embodiments, a recombinant 
adenovirus comprises a modification in a knob region of a fiber protein. 

The present invention also provides immunogenic compositions comprising a 
bovine adenovirus wherein said adenovirus comprises a polynucleotide encoding a 
modification in a capsid protein 9 or fragment thereof, and wherein said protein, or 
fragment thereof, is associated with tropism and wherein said modification is 
associated with altered tropism In some embodiments, the capsid protein, or 
fragment thereof, includes penton, hexon or fiber protein(s), or a fragment thereof, of 
an adenovirus. In some embodiments of immunogenic compositions, the 
modification comprises a replacement of a polynucleotide encoding a bovine capsid 
protein, or fragment thereof, with a polynucleotide encoding a heterologous 
mammalian adenovirus capsid protein, or fragment thereof In other embodiments of 
immunogenic compositions, the modification comprises a replacement of a 
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polynucleotide encoding a bovine knob region of a fiber protein with a 
polynucleotide encoding a heterologous mammalian adenovirus knob region of a 
fiber protein. In other embodiments, the bovine adenovirus is a sub-type 1 
adenovirus, in particular, BAV3, or a sub-type 2 adenovirus. In additional 
embodiments, immunogenic compositions comprise a bovine adenovirus comprises a 
polynucleotide encoding a heterologous protein. In other embodiments, 
immunogenic compositions comprise a bovine adenovirus comprising a 
polynucleotide encoding cytokines; lymphokines; membrane receptors recognized by 
pathogenic organisms, dystrophins; insulin; proteins participating in cellular ion 
channels; antisense RNAs; proteins capable of inhibiting the activity of a protein 
produced by a pathogenic gene, a protein inhibiting an enzyme activity, protein 
variants of pathogenic proteins; antigenic epitopes; major histocompatibility complex 
classes I and II proteins; antibodies; immunotoxins; toxins; growth factors or growth 
hormones; cell receptors or their ligands; tumor suppressors; cellular enzymes; or 
suicide genes. 

The present invention also encompasses pharmaceutical compositions capable 
of inducing an immune response in a mammalian subject. In some embodiments, 
pharmaceutical compositions comprise an immunogenic composition comprising a 
bovine adenovirus having a modified capsid protein, or fragment thereof, wherein the 
protein, or fragment thereof, is associated with tropism and wherein the modification 
is associated with altered tropism. In some embodiments of the pharmaceutical 
compositions, immunogenic compositions comprise bovine adenovirus vectors 
comprising a polynucleotide encoding a heterologous protein. La some embodiments, 
the heterologous protein is a therapeutic protein. In other embodiments, the 
pharmaceutical composition further comprises a pharmaceutically acceptable 
excipient. 

The present invention also provides methods for eliciting an immune response 
in a mammalian host to protect against infection, the method comprising 



administering a pharmaceutical composition of the present invention to a mammalian 
host in need. The present invention also provides methods of gene delivery in a 
mammalian host, the methods comprising administering to the host a bovine 
adenovirus vector comprising a polynucleotide encoding a modified capsid protein, 
or fragment thereof, wherein the protein is associated with tropism and wherein the 
modification is associated with altered tropism and wherein the adenovirus vector 
further comprises a polynucleotide encoding a heterologous protein. In some 
embodiments, the heterologous polynucleotide encodes a therapeutic protein. 

BRTHF DESCRIPTION OF THE DRAWINGS 

Figures 1A-1S shows the complete nucleotide sequence of the BAV3 genome. 
In the polynucleotide sequence for BAV3, the penton regions starts at 12919 and ends 
at 14367; the hexon region starts at 17809 and ends at 20517; the fiber region starts at 
27968 and ends at 30898. The knob domain of the fiber region starts after the 4 
residues, TLWT, as shown in Figure 4. 

Figure 2 shows a transcriptional map of the BAV3 genome, derived from 
transcriptional mapping ofmRNAs and sequencing of cDNA clones. 

Figure 3 illustrates the construction of BAV600 that expresses the HAV-5 
fiber knob protein. 

Figure 4 illustrates the characterization of BAV600. 

Figures 5A-5B shows the analysis of BAV600 by Restriction Enzyme BglR 
digestion. Figure 5 A depicts a gel electrophoresis and Figure 5B depicts a Southern 
Blot. 

Figure 6 shows the expression of HAV-5 fiber Knob by BAV600. 

Figures 7A-7B show the transduction of Human cell lines by BAV600. 
Figure 7 A show results of an MOI of 1 whereas Figure 7B shows results of an MOI 
of5. 
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Figure 8 shows a FACS analysis of BAV304 and BAV600 transduction of 
Human cells. 

Figure 9 shows the expression of early and late BAV-3 proteins in human cell 
lines, HeLa, HEp-2, A549, 293 and MDBK. 

Figure 10 illustrates BAV3 replication in human cells. 

Figure 1 1 shows the neutralization of BAV600 by a monoclonal antibody 
specific for HAV-5 fiber knob region. 

Figure 12 depicts the amino acid sequence for Human adenovirus 5 (HAV-5) 
fiber protein. 

Figure 13 depicts the amino acid sequence for the Bovine Adenovirus-3 
(BAV-3) fiber protein. 

Figure 14 depicts the amino acid sequence of Ovine Adenovirus 287 fiber 
protein. 

Figure 15 shows the amino acid sequence of Porcine Adenovirus-3 (PAV-3) 
fiber protein. 

Figure 16 shows the amino acid sequence of Canine Adenovirus -2 (CAV-2) 
fiber protein. 

Figures 17A-17G depicts an amino acid alignment of various mammalian 
adenovirus fiber regions using the clustal method of the Multialign program. 

BEST MODE FOR CARRYING OUT THE INVENTION 
We have discovered and constructed improved adenovirus vectors, in 
particular improved bovine adenovirus vectors, having altered tropism. The bovine 
adenovirus vectors of the present invention comprise a modification in a 
polynucleotide encoding at least one capsid protein, wherein the protein, or fragment 
thereof, is associated with tropism and wherein the modification is associated with 
altered tropism. 
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Capsid proteins include penton, hexon and fiber proteins. In one embodiment 
illustrated herein, a BAV3 adenovirus vector was constructed, BAV600, which 
comprised a replacement of the BAV3 fiber knob region with a human adenovirus 
(Ad5) fiber knob region. BAV600 demonstrated increased transduction in human 
cell lines as compared to a control adenovirus. 

The present invention encompasses bovine adenovirus vectors comprising a 
replacement of a capsid protein, or fragment thereof, with a heterologous mammalian 
capsid protein, or fragment thereof, as long as the protein is associated with tropism 
and the replacement is associated with altered tropism. For example, in one 
embodiment, a bovine knob domain of a fiber protein is replaced with a porcine or 
ovine knob region of a fiber protein in order to alter species tropism. Such a bovine 
adenovirus vector can be used as an immunogen to boost immunity in a porcine or 
ovine mammal that has been primed with a porcine or ovine adenovirus, respectively. 
In such an immunization protocol, a boost immunization is achieved by 
administration of the bovine adenovirus having species specificity for the porcine or 
ovine mammal, while avoiding the affect of any neutralizing antibodies against the 
porcine or ovine mammal produced as a result of the priming immunization. 

Alternatively, in another embodiment, a bovine fiber protein, or fragment 
thereof, such as the knob region, is replaced with a heterologous bovine fiber protein, 
or fragment thereof, such as a knob region of a fiber protein in order to alter bovine 
cell specificity. For one example, a bovine adenovirus sub-type 1 fiber region, or 
fragment thereof, such as a knob domain, is replaced with a bovine adenovirus sub- 
type 2 fiber region, or fragment thereof, such as a knob domain, in order to alter 
bovine cell-type specificity. Such a bovine adenovirus vector can be used as an 
immunogen to target specific cells or tissues. 

The invention also encompasses the use of a bovine adenovirus comprising a 
replacement of a bovine capsid protein, or fragment thereof, with a human adenovirus 
capsid protein, or fragment thereof, such that the modified bovine adenovirus has 
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species specificity for humans. Such bovine adenoviruses can be used in human 
immunization protocols, where preexisting neutralizing antibodies against human 
adenovirus -5 (HAV-5) in clinical patients may present an obstacle for efficient use 
ofHAV-5, 

Additionally, to provide a therapeutic effect to target cells, one or more 
heterologous therapeutic proteins may be present in the adenovirus vector. 

Definitions 

In describing the present invention, the following terminology, as defined 
below, will be used. 

An "adenovirus vector" or "adenoviral vector" (used interchangeably) 
comprises a polynucleotide construct of the invention. A polynucleotide construct of 
this invention may be in any of several forms, including, but not limited to, DNA, 
DNA encapsulated in an adenovirus coat, DNA packaged in another viral or viral-like 
form (such as herpes simplex, and AAV), DNA encapsulated in liposomes, DNA 
complexed with polylysine, complexed with synthetic polycationic molecules, 
conjugated with transferrin, and complexed with compounds such as PEG to 
immunologically "mask" the molecule and/or increase half-life, and conjugated to a 
nonviral protein. Preferably, the polynucleotide is DNA. As used herein, "DNA" 
includes not only bases A, T, C, and G, but also includes any of their analogs or 
modified forms of these bases, such as methylated nucleotides, internucleotide 
modifications such as uncharged linkages and thioates, use of sugar analogs, and 
modified and/or alternative backbone structures, such as polyamides. Adenovirus 
vectors may be replication-competent or replication-defective in a target cell. 

As used herein, the term "altered tropism" refers to changing the specificity of an 
adenovirus. The term "altered tropism" encompasses changing species specificity as 
well as changing tissue or cell specificity of an adenovirus. In embodiments 
illustrated herein, species specificity is altered by producing modifications in a capsid 
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protein(s), or fragment thereof, such as the fiber protein, and in particular the knob 
region of a fiber protein. 

A "capsid protein" as used herein includes penton, hexon and fiber regions of 
an adenovirus. A capsid protein is associated with tropism if it directly or indirectly 
affects adenovirus tropism. A "modification of a capsid protein associated with 
altered tropism" as used herein refers to producing an alteration of a polynucleotide 
encoding a capsid protein, ie, a penton, hexon or fiber protein region, or fragment 
thereof, such as the knob domain of the fiber region such that specificity is altered. 
"Associated with" means that the modification contributes to the altered tropism 
either directly or indirectly. In embodiments illustrated herein, the modification is a 
replacement of bovine capsid protein regions with a heterologous mammalian capsid 
protein region in order to produce species specificity in the adenovirus. Replacement 
of one species capsid protein region with a heterologous capsid protein region may 
also produce altered tissue or cell specificity. 

A "replicon" is any genetic element (e.g., plasmid, chromosome, virus) that 
functions as an autonomous unit of DNA replication in vivo; i.e., is capable of 
replication under its own control. 

As used herein, the term "vector" refers to a polynucleotide construct 
designed for transduction/transfection of one or more cell types. Vectors may be, for 
example, "cloning vectors" which are designed for isolation, propagation and 
replication of inserted nucleotides, "expression vectors" which are designed for 
expression of a nucleotide sequence in a host cell, or a "viral vector" which is 
designed to result in the production of a recombinant virus or virus-like particle, or 
"shuttle vectors", which comprise the attributes of more than one type of vector. 

By "live virus" is meant, in contradistinction to "killed" virus, a virus which is 
capable of producing identical progeny in tissue culture and inoculated animals. 

A "helper-free virus vector" is a vector that does not require a second virus or 
a cell line to supply something defective in the vector. 
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A "double-stranded DNA molecule" refers to the polymeric form of 
deoxyribonucleotides (adenine, guanine, thymine, or cytosine) in its normal, double- 
stranded helix. This term refers only to the primary and secondary structure of the 
molecule, and does not limit it to any particular tertiary forms. Thus, this term 
5 includes double-stranded DNA found, inter alia, in linear DNA molecules (e.g., 

restriction fragments ofDNA from viruses, plasmids, and chromosomes). In 
discussing the structure of particular double-stranded DNA molecules, sequences 
may be described herein according to the normal convention of giving only the 
sequence in the 5' to 3' direction along the nontranscribed strand of DNA (i.e., the 
1 0 strand having the sequence homologous to the mRNA). 

~ A DNA "coding sequence" is a DNA sequence which is transcribed and 

69 translated into a polypeptide in vivo when placed under the control of appropriate 

U regulatory sequences. The boundaries of the coding sequence are determined by a 

J j start codon at the 5' (amino) terminus and a translation stop codon at the 3' (carboxy) 

fy 15 terminus. A coding sequence can include, but is not limited to, procaryotic 

□ sequences, cDNA from eucaryotic mRNA, genomic DNA sequences from eucaryotic 

^ (e.g., mammalian) DNA, viral DNA, and even synthetic DNA sequences. A 

H polyadenylation signal and transcription termination sequence will usually be located 

O 

3' to the coding sequence. 

20 A "transcriptional promoter sequence" is a DNA regulatory region capable of 

binding RNA polymerase in a cell and initiating transcription of a downstream (3 ? 
direction) coding sequence. For purposes of defining the present invention, the 
promoter sequence is bound at the 3' terminus by the translation start codon (ATG) of 
a coding sequence and extends upstream (5' direction) to include the minimum 

25 number of bases or elements necessary to initiate transcription at levels detectable 

above background. Within the promoter sequence will be found a transcription 
initiation site (conveniently defined by mapping with nuclease SI), as well as protein 
binding domains (consensus sequences) responsible for the binding of RNA 
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polymerase. Eucaryotic promoters will often, but not always, contain "TATA" boxes 
and "CAAT" boxes. Procaryotic promoters contain Shine-Dalgarno sequences in 
addition to the -10 and -35 consensus sequences. 

DNA "control sequences" refer collectively to promoter sequences, ribosome 
binding sites, splicing signals, polyadenylation signals, transcription termination 
sequences, upstream regulatory domains, enhancers, translational termination 
sequences and the like, which collectively provide for the transcription and 
translation of a coding sequence in a host cell. 

A coding sequence or sequence encoding a protein is "operably linked to" or 
"under the control of control sequences in a cell when RNA polymerase will bind 
the promoter sequence and transcribe the coding sequence into mRNA, which is then 
translated into the polypeptide encoded by the coding sequence. 

A "host cell" is a cell which has been transformed, or is capable of 
transformation, by an exogenous DNA sequence. 

A cell has been "transformed" by exogenous DNA when such exogenous 
DNA has been introduced inside the cell membrane. Exogenous DNA may or may 
not be integrated (covalently linked) to chromosomal DNA making up the genome of 
the cell. In procaryotes and yeasts, for example, the exogenous DNA may be 
maintained on an episomal element, such as a plasmid. A stably transformed cell is 
one in which the exogenous DNA has become integrated into the chromosome so that 
it is inherited by daughter cells through chromosome replication. For mammalian 
cells, this stability is demonstrated by the ability of the cell to establish cell lines or 
clones comprised of a population of daughter cell containing the exogenous DNA. 

A "clone" is a population of daughter cells derived from a single cell or 
common ancestor. A "cell line" is a clone of a primary cell that is capable of stable 
growth in vitro for many generations. 

A "heterologous" region of a DNA construct is an identifiable segment of 
DNA within or attached to another DNA molecule that is not found in association 
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with the other molecule in nature. Thus, when the heterologous region encodes a 
viral gene, the gene will usually be flanked by DNA that does not flank the viral gene 
in the genome of the source virus or virus-infected cells. Another example of the 
heterologous coding sequence is a construct wherein the coding sequence itself is not 
found in nature (e.g., synthetic sequences having codons different from the native 
gene). Allelic variation or naturally occurring mutational events do not give rise to a 
heterologous region of DNA, as used herein. As used herein in describing adenovirus 
vectors, "heterologous mammalian capsid region" means that the capsid region is 
obtainable from another mammalian species of adenovirus or is obtainable from the 
same species mammal but from a different type or sub-type adenovirus. For example 
"heterologous mammalian capsid protein" encompasses replacement of one sub-type 
bovine adenovirus capsid protein with another sub-type bovine adenovirus capsid 
protein as well as replacement of a bovine adenovirus capsid protein with another 
species capsid protein, such as a human capsid protein, as well as replacement of 
bovine adenovirus capsid proteins regions with another serotype bovine adenovirus 
capsid protein. 

"Bovine host" refers to cattle of any breed, adult or infant. 

The term "protein" is used herein to designate a polypeptide or glycosylated 
polypeptide, respectively, unless otherwise noted. The term "polypeptide" is used in 
its broadest sense, i.e., any polymer of amino acids (dipeptide or greater) linked 
through peptide bonds. Thus, the term "polypeptide" includes proteins, 
oligopeptides, protein fragments, analogs, muteins, fusion proteins and the like. 

"Native" proteins or polypeptides refer to proteins or polypeptides recovered 
from adenovirus or adenovirus-infected cells. Thus, the term "native BAV 
polypeptide" would include naturally occurring BAV proteins and fragments thereof. 
"Non-native" polypeptides refer to polypeptides that have been produced by 
recombinant DNA methods or by direct synthesis. "Recombinant" polypeptides 
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refers to polypeptides produced by recombinant DNA techniques; i.e., produced from 
cells transformed by an exogenous DNA construct encoding the desired polypeptide. 

A "substantially pure" protein will be free of other proteins, preferably at least 
10% homogeneous, more preferably 60% homogeneous, and most preferably 95% 
homogeneous. 

An "antigen" refers to a molecule containing one or more epitopes that will 
stimulate a host's immune system to make a humoral and/or cellular antigen-specific 
response. The term is also used interchangeably with "immunogen." 

A "hapten" is a molecule containing one or more epitopes that does not 
stimulate a host's immune system to make a humoral or cellular response unless 
linked to a carrier. 

The term "epitope" refers to the site on an antigen or hapten to which a 
specific antibody molecule binds or is recognized by T cells. The term is also used 
interchangeably with "antigenic determinant" or "antigenic determinant site." 

An "immunological response" to a composition or vaccine is the development 
in the host of a cellular and/or antibody-mediated immune response to the 
composition or vaccine of interest. Usually, such a response consists of the subject 
producing antibodies, B cells, helper T cells, suppressor T cells, and/or cytotoxic T 
cells directed specifically to an antigen or antigens included in the composition or 
vaccine of interest. 

The terms "immunogenic polypeptide" and "immunogenic amino acid 
sequence" and "immunogen" refer to a polypeptide or amino acid sequence, 
respectively, which elicit antibodies that neutralize viral infectivity, and/or mediate 
antibody-complement or antibody-dependent cell cytotoxicity to provide protection 
of an immunized host. An "immunogenic polypeptide" as used herein, includes the 
full length (or near full length) sequence of the desired protein or an immunogenic 
fragment thereof. 
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By "immunogenic fragment" is meant a fragment of a polypeptide which 
includes one or more epitopes and thus elicits antibodies that neutralize viral 
infectivity, and/or mediates antibody-complement or antibody-dependent cell 
cytotoxicity to provide protection of an immunized host. Such fragments will usually 
be at least about 5 amino acids in length, and preferably at least about 10 to 15 amino 
acids in length. There is no critical upper limit to the length of the fragment, which 
could comprise nearly the full length of the protein sequence, or even a fusion protein 
comprising fragments of two or more of the antigens. The term "treatment" as used 
herein refers to treatment of a mammal, such as bovine or human or other mammal, 
either (i) the prevention of infection or reinfection (prophylaxis), or (ii) the reduction 
or elimination of symptoms of an infection. The vaccine comprises the recombinant 
BAV itself or recombinant antigen produced by recombinant BAV. 

By "infectious" is meant having the capacity to deliver the viral genome into 

cells. 

The terms "polynucleotide" and "nucleic acid", used interchangeably herein, 
refer to a polymeric form of nucleotides of any length, either ribonucleotides or 
deoxyribonucleotides. These terms include a single-, double- or triple-stranded 
DNA, genomic DNA, cDNA, RNA, DNA-RNA hybrid, or a polymer comprising 
purine and pyrimidine bases, or other natural, chemically, biochemically modified, 
non-natural or derivatized nucleotide bases. The backbone of the polynucleotide can 
comprise sugars and phosphate groups (as may typically be found in RNA or DNA), 
or modified or substituted sugar or phosphate groups. Alternatively, the backbone of 
the polynucleotide can comprise a polymer of synthetic subunits such as 
phosphoramidates and thus can be a oligodeoxynucleoside phosphoramidate (P-NH2) 
or a mixed phosphoramidate- phosphodiester oligomer. Peyrottes et al. (1996) 
Nucleic Acids Res. 24: 1841-8; Chaturvedi et al. (1996) Nucleic Acids Res. 24: 2318- 
23; Schultz et al. (1996) Nucleic Acids Res. 24: 2966-73. A phosphorothioate linkage 
can be used in place of a phosphodiester linkage. Braun et al. (1988) J. Immunol. 141 : 
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2084-9; Latimer et al. (1995) Molec. Immunol. 32: 1057-1064. In addition, a 
double-stranded polynucleotide can be obtained from the single stranded 
polynucleotide product of chemical synthesis either by synthesizing the 
complementary strand and annealing the strands under appropriate conditions, or by 
synthesizing the complementary strand de novo using a DNA polymerase with an 
appropriate primer. Reference to a polynucleotide sequence (such as referring to a 
SEQ ID NO) also includes the complement sequence. 

The following are non-limiting examples of polynucleotides: a gene or gene 
fragment, exons, introns, mRNA, fRNA, rRNA, ribozymes, cDNA, recombinant 
polynucleotides, branched polynucleotides, plasmids, vectors, isolated DNA of any 
sequence, isolated RNA of any sequence, nucleic acid probes, and primers. A 
polynucleotide may comprise modified nucleotides, such as methylated nucleotides 
and nucleotide analogs, uracyl, other sugars and linking groups such as fluororibose 
and thioate, and nucleotide branches. The sequence of nucleotides may be 
interrupted by non-nucleotide components. A polynucleotide may be further 
modified after polymerization, such as by conjugation with a labeling component. 
Other types of modifications included in this definition are caps, substitution of one 
or more of the naturally occurring nucleotides with an analog, and introduction of 
means for attaching the polynucleotide to proteins, metal ions, labeling components, 
other polynucleotides, or a solid support. Preferably, the polynucleotide is DNA. As 
used herein, "DNA" includes not only bases A, T, C, and G, but also includes any of 
their analogs or modified forms of these bases, such as methylated nucleotides, 
internucleotide modifications such as uncharged linkages and thioates, use of sugar 
analogs, and modified and/or alternative backbone structures, such as polyamides. 

A polynucleotide or polynucleotide region has a certain percentage (for 
example, 80%, 85%, 90%, or 95%) of "sequence identity" to another sequence means 
that, when aligned, that percentage of bases are the same in comparing the two 
sequences. This alignment and the percent homology or sequence identity can be 
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determined using software programs known in the art, for example those described in 
Current Protocols in Molecular Biology (F.M. Ausubel et al., eds., 1987) 
Supplement 30, section 7.7.18, Table 7.7.1. A preferred alignment program is 
ALIGN Plus (Scientific and Educational Software, Pennsylvania), preferably using 
5 default parameters, which are as follows: mismatch = 2; open gap = 0; extend gap = 

2. 

"Under transcriptional control" is a term well understood in the art and 
indicates that transcription of a polynucleotide sequence, usually a DNA sequence, 
depends on its being operably (operatively) linked to an element which contributes to 

1 0 the initiation of, or promotes, transcription. "Operably linked" refers to a 

juxtaposition wherein the elements are in an arrangement allowing them to function. 

As used herein, "cytotoxicity" is a term well understood in the art and refers 
to a state in which a cell's usual biochemical or biological activities are compromised 
(i.e., inhibited). These activities include, but are not limited to, metabolism; cellular 

1 5 replication; DNA replication; transcription; translation; uptake of molecules. 

"Cytotoxicity" includes cell death and/or cytolysis. Assays are known in the art 
which indicate cytotoxicity, such as dye exclusion, 3 H-thymidine uptake, and plaque 
assays. 

In the context of adenovirus, a "heterologous polynucleotide" or 
20 "heterologous gene" or "transgene" is any polynucleotide or gene that is not present 

in wild-type adenovirus. Preferably, the transgene will also not be expressed or 
present in the target cell prior to introduction by the adenovirus vector. 

hi the context of adenovirus, a "heterologous" promoter or enhancer is one 
which is not associated with or derived from an adenovirus gene. 
25 In the context of adenovirus, an "endogenous" promoter, enhancer, or control 

region is native to or derived from adenovirus. 

A "host cell" includes an individual cell or cell culture which can be or has 
been a recipient of an adenoviral vector(s) of this invention. Host cells include 



21 



progeny of a single host cell, and the progeny may not necessarily be completely 
identical (in morphology or in total DNA complement) to the original parent cell due 
to natural, accidental, or deliberate mutation and/or change. A host cell includes cells 
transfected or infected in vivo or in vitro with an adenoviral vector of this invention. 

"Replication" and "propagation" are used interchangeably and refer to the 
ability of an adenovirus vector of the invention to reproduce or proliferate. These 
terms are well understood in the art. For purposes of this invention, replication 
involves production of adenovirus proteins and is generally directed to reproduction 
of adenovirus. Replication can be measured using assays standard in the art and 
described herein, such as a burst assay or plaque assay. "Replication" and 
"propagation" include any activity directly or indirectly involved in the process of 
virus manufacture, including, but not limited to, viral gene expression; production of 
viral proteins, nucleic acids or other components; packaging of viral components into 
complete viruses; and cell lysis. 

A polynucleotide sequence that is "depicted in"a SEQ ID NO means that the 
sequence is present as an identical contiguous sequence in the SEQ ID NO. The term 
encompasses portions, or regions of the SEQ ID NO as well as the entire sequence 
contained within the SEQ ID NO. 

A "biological sample" encompasses a variety of sample types obtained from 
an individual and can be used in a diagnostic or monitoring assay. The definition 
encompasses blood and other liquid samples of biological origin, solid tissue samples 
such as a biopsy specimen or tissue cultures or cells derived therefrom, and the 
progeny thereof. The definition also includes samples that have been manipulated in 
any way after their procurement, such as by treatment with reagents, solubilization, or 
enrichment for certain components, such as proteins or polynucleotides. The term 
"biological sample" encompasses a clinical sample, and also includes cells in culture, 
cell supernatants, cell lysates, serum, plasma, biological fluid, and tissue samples. 
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An "individual" or "mammalian subject" is a vertebrate, preferably a 
mammal, more preferably a human. Mammals include, but are not limited to, farm 
animals, sport animals, rodents, primates, and pets. 

An "effective amount" is an amount sufficient to effect beneficial or desired 
results, including clinical results. An effective amount can be administered in one or 
more administrations. For purposes of this invention, an effective amount of an 
adenoviral vector is an amount that is sufficient to palliate, ameliorate, stabilize, 
reverse, slow or delay the progression of the disease state. 

"Expression" includes transcription and/or translation. 

As used herein, the term "comprising" and its cognates are used in their 
inclusive sense; that is, equivalent to the term "including" and its corresponding 
cognates. 

"A," "an" and "the" include plural references unless the context clearly 
dictates otherwise. 

Detailed Description 

The present invention identifies capsid proteins associated with tropism and 
provides methods of constructing adenovirus vectors and recombinant adenoviruses 
having altered tropism. In preferred embodiments, the adenovirus is a bovine 
adenovirus, such as a sub-type 1 adenovirus, in particular BAV3, or a sub-type 2 
adenovirus. In illustrative embodiments, part or all of a bovine capsid protein 
encoding polynucleotide sequence associated with tropism is deleted and replaced 
with part or all of a heterologous mammalian capsid protein encoding polynucleotide 
sequence which alters adenovirus tropism. In a particular embodiment disclosed 
herein, the knob region of a bovine fiber protein is replaced with a human knob 
region of a fiber protein. The present invention also encompasses adenoviruses 
comprising the replacement of one bovine serotype adenovirus capsid protein 
associated with tropism with a heterologous bovine serotype adenovirus capsid 
protein associated with tropism in order to alter cell specificity. 
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The complete nucleotide sequence of the BAV3 genome is disclosed herein. 
See Figure 1 (SEQ ID NO 1). A transcriptional map of the BAV3 genome, derived 
from transcriptional mapping of mRNAs and sequencing of cDNA clones, is 
presented in Figure 2* Although the size (34,446 bp) and the overall organization of 
5 the BAV3 genome appear to be similar to that of HAVs ? there are certain differences. 

Reddy et ah (1998) supra. One of the distinctive features of the BAV3 genome is the 
relatively small size of the E3 coding region (1517 bp). Mittal et ah (1992) J. Gen. 
Virol 73:3295-3300; Mittal et ah (1993). J. Gen. Virol 74:2825; and Reddy et al 
(1998) supra. Analysis of the sequence of the BAV3 E3 region and its RNA 
10 transcripts suggests that BAV3 E3 may encode at least four proteins, one of which 

^ (121R) exhibits limited homology with the 14.7 kDa protein of HAV5. Idamakanti 

(1998) "Molecular characterization of E3 region of bovine adenovirus-3 ? " M.Sc, 
H thesis, University of Saskatchewan, Saskatoon, Saskatchewan. 

1 : 1 Reddy et al. ( 1 998) Journal of Virology 72 : 1 394) disclose nucleotide 

FU 15 sequences for BAV3, In the polynucleotide sequence for B AV3, the penton regions 

p starts at 12919 and ends at 14367; the hexon region starts at 17809 and ends at 20517; 

the fiber region starts at 27968 and ends at 30898. The knob region (or domain) of 
the fiber protein starts after the residues TLWT motif as shown in Figure 4. The fiber 
protein also contains shaft and tail regions (or domains). 
20 Human adenoviruses Ad3, Ad4 ? Ad5, Ad9 and Ad35 are available from the 

American Tissue Culture Collection ATCC). The National Center for Biotechnology 
Information GenBank accession number for Ad5 is M73260/M29978; for Ad9 
X74659; and for Ad35, U10272. Chow et al (1977 ? Cell 12:1-8) disclose human 
adenovirus 2 sequences; Davison et ah (1993, J. Mole. Biol. 234:1308-1316) disclose 
25 the DNA sequence of human adenovirus type 40; Sprengel et ah (1994, J. Virol 

68:379-389) disclose the DNA sequence for human adenovirus type 12 DNA; Vrati et 
ah (1995, Virology, 209:400-408) disclose sequences for ovine adenovirus; Morrison 
et ah (1997 ? J. Gen. Virol 78:873-878) disclose canine adenovirus type 1 DNA 
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sequence; and Reddy et al (1998, Virology, 251:414) disclose DNA sequences for 
porcine adenovirus. 

Shayakhmetov et al, supra, provide PCR primers for human Ad9 and human 
Ad35 fiber regions. The HAV-5 fiber protein is depicted in Figure 12; Figure 13 
depicts the amino acid sequence for the Bovine Adenovirus-3 (BAV-3) fiber protein; 
Figure 14 depicts the amino acid sequence of Ovine Adenovirus 287 fiber protein; 
Figure 15 depicts the amino acid sequence of Porcine Adenovirus-3 (PAV-3)fiber 
protein; Figure 16 depicts the amino acid sequence of Canine Adenovirus -2 (CAV-2) 
fiber protein; and Figures 17A-17G depicts an amino acid alignment of mammalian 
adenovirus fiber regions using the clustal method of the multialign program. The 
knob domain of the fiber regions typically starts after the amino acid residue motif 
TLWT (hinge region), see Figure 4 (one exception is the ovine adenovirus fiber 
region). 

Adenovirus vector constructs can then undergo recombination in vitro or in 
vivo, with a BAV genome either before or after transformation or transfection of an 
appropriate host cell 

Suitable host cells include any cell that will support recombination between a 
BAV genome and a plasmid containing BAV sequences, or between two or more 
plasmids, each containing BAV sequences. Recombination is generally performed in 
procaryotic cells, such as E. coli, while transfection of a plasmid containing a viral 
genome, to generate virus particles, is conducted in eukaryotic cells, preferably 
mammalian cells, more preferably bovine cell cultures, most preferably MDBK or 
PFBR cells, and their equivalents. The growth of bacterial cell cultures, as well as 
culture and maintenance of eukaryotic cells and mammalian cell lines are procedures 
which are well-known to those of skill in the art. 

One or more heterologous polynucleotide sequences can be inserted into one 
or more regions of the BAV genome to generate a recombinant BAV, limited only by 
the insertion capacity of the BAV genome and ability of the recombinant BAV to 
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express the inserted heterologous sequences. In general, adenovirus genomes can 
accept inserts of approximately 5% of genome length and remain capable of being 
packaged into virus particles. The insertion capacity can be increased by deletion of 
non-essential regions and/or deletion of essential regions, such as, for example, El 
function, whose function is provided by a helper cell line, such as one providing El 
function. In some embodiments, a heterologous polynucleotide encoding a protein is 
inserted into an adenovirus El gene region. In some embodiments, an adenovirus has 
a deletion of part or all of the El gene region and is propagated in a helper cell line 
providing El function. In yet other embodiments, a heterologous polynucleotide 
encoding a protein is inserted into an adenovirus E3 gene region. In other 
embodiments, an adenovirus has a deletion of part or all of the E3 region. 

In one embodiment of the invention, insertion can be achieved by constructing 
a plasmid containing the region of the BAV genome into which insertion is desired, 
such as a polynucleotide encoding a capsid protein. Additionally, a polynucleotide 
encoding a desired therapeutic protein can be inserted into the bovine adenovirus. 
The plasmid is then digested with a restriction enzyme having a recognition sequence 
in the BAV portion of the plasmid, and a heterologous polynucleotide sequence is 
inserted at the site of restriction digestion. The plasmid, containing a portion of the 
BAV genome with an inserted heterologous sequence, is co-transformed, along with 
a BAV genome or a linearized plasmid containing a BAV genome, into a bacterial 
cell (such as, for example, E. coli), wherein the BAV genome can be a full-length 
genome or can contain one or more deletions. Homologous recombination between 
the plasmids generates a recombinant BAV genome containing inserted heterologous 
sequences. 

Deletion of BAV sequences, to provide a site for insertion of heterologous 
sequences or to provide additional capacity for insertion at a different site, can be 
accomplished by methods well-known to those of skill in the art. For example, for 
BAV sequences cloned in a plasmid, digestion with one or more restriction enzymes 
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(with at least one recognition sequence in the BAV insert) followed by ligation will, 
in some cases, result in deletion of sequences between the restriction enzyme 
recognition sites. Alternatively, digestion at a single restriction enzyme recognition 
site within the BAV insert, followed by exonuclease treatment, followed by ligation 
5 will result in deletion of BAV sequences adjacent to the restriction site. A plasmid 

containing one or more portions of the BAV genome with one or more deletions, 
constructed as described above, can be co-transfected into a bacterial cell along with 
a BAV genome (full-length or deleted) or a plasmid containing either a full-length or 
a deleted BAV genome to generate, by homologous recombination, a plasmid 
10 containing a recombinant BAV genome with a deletion at one or more specific sites, 

yg BAV virions containing the deletion can then be obtained by transfection of 

ri mammalian cells (including, but not limited to, MDBK or PFBR cells and their 

H equivalents) with the plasmid containing the recombinant BAV genome. 

LI In one embodiment of the invention, insertion sites are adjacent to and 

1 - 1 5 downstream (in the transcriptional sense) of BAV promoters. Locations of BAV 

O promoters, and restriction enzyme recognition sequences downstream of BAV 

Z j promoters, for use as insertion sites, can be easily determined by one of skill in the art 

^ from the BAV nucleotide sequence provided herein. Alternatively, various in vitro 

.U techniques can be used for insertion of a restriction enzyme recognition sequence at a 

20 particular site, or for insertion of heterologous sequences at a site that does not 

contain a restriction enzyme recognition sequence. Such methods include, but are not 
limited to, oligonucleotide-mediated heteroduplex formation for insertion of one or 
more restriction enzyme recognition sequences (see, for example, Zoller et al (1982) 
Nucleic Acids Res. 10:6487-6500; Brennan etal (1990) Roux's Arch Dev. Biol 
25 199:89-96; and Kunkel et al (1987) Metk Enzymology 154:367-382) and PCR- 

mediated methods for insertion of longer sequences. See, for example, Zheng et al 
(1994) Virus Research 31:163-186. 
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It is also possible to obtain expression of a heterologous sequence inserted at a 
site that is not downstream from a BAV promoter, if the heterologous sequence 
additionally comprises transcriptional regulatory sequences that are active in 
eukaryotic cells. Such transcriptional regulatory sequences can include cellular 
promoters such as, for example, the bovine hsp70 promoter and viral promoters such 
as, for example, herpesvirus, adenovirus and papovavirus promoters and DNA copies 
of retroviral long terminal repeat (LTR) sequences. 

In another embodiment, homologous recombination in a procaryotic cell can 
be used to generate a cloned BAV genome; and the cloned BAV genome can be 
propagated as a plasmid. See for example, U.S. patent 5,922,576, Infectious virus 
can be obtained by transfection of mammalian cells with the cloned BAV genome 
rescued from plasmid-containing cells. 

The invention also provides BAV regulatory sequences which can be used to 
regulate the expression of heterologous genes. A regulatory sequence can be, for 
example, a transcriptional regulatory sequence, a promoter, an enhancer, an upstream 
regulatory domain, a splicing signal, a polyadenylation signal, a transcriptional 
termination sequence, a translational regulatory sequence, a ribosome binding site 
and a translational termination sequence. 

In another embodiment, the cloned BAV genome can be propagated as a 
plasmid and infectious virus can be rescued from plasmid-containing cells. 

The presence of viral nucleic acids can be detected by techniques known to 
one of skill in the art including, but not limited to, hybridization assays, polymerase 
chain reaction, and other types of amplification reactions. Similarly, methods for 
detection of proteins are well-known to those of skill in the art and include, but are 
not limited to, various types of immunoassay, ELISA, Western blotting, enzymatic 
assay, immunohistochemistry 9 etc. Diagnostic kits comprising the nucleotide 
sequences of the invention may also contain reagents for cell disruption and nucleic 
acid purification, as well as buffers and solvents for the formation, selection and 
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detection of hybrids. Diagnostic kits comprising the polypeptides or amino acid 
sequences of the invention may also comprise reagents for protein isolation and for 
the formation, isolation, purification and/or detection of immune complexes. 
Various foreign genes or nucleotide sequences or coding sequences 
5 (prokaryotic, and eukaryotic) can be inserted in the bovine adenovirus nucleotide 

sequence, e.g., DNA, in accordance with the present invention particularly to provide 
protection against a wide range of diseases and many such genes are already known 
in the art. The problem heretofore has been to provide a safe, convenient and 
effective vaccine vector for the genes or sequences, as well as safe, effective means 
1 0 for gene transfer to be used in various gene therapy applications, 

yjg An exogenous (i.e., foreign) nucleotide sequence can consist of one or more 

;1 gene(s) of interest, and preferably of therapeutic interest. In the context of the present 

H invention, a gene of interest can code either for an antisense RNA, a ribozyme or for 

an mRNA which will then be translated into a protein of interest. A gene of interest 
^ 1 5 can be of genomic type, of complementary DNA (cDNA) type or of mixed type 

O (minigene, in which at least one intron is deleted). It can code for a mature protein, a 

Q precursor of a mature protein, in particular a precursor intended to he secreted and 

5!! accordingly comprising a signal peptide, a chimeric protein originating from the 

N= fusion of sequences of diverse origins, or a mutant of a natural protein displaying 

20 improved or modified biological properties. Such a mutant may be obtained by, 

deletion, substitution and/or addition of one or more nucleotide(s) of the gene coding 
for the natural protein, or any other type of change in the sequence encoding the 
natural protein, such as, for example, transposition or inversion. 

A gene of interest may be placed under the control of elements (DNA control 
25 sequences) suitable for its expression in a host cell. Suitable DNA control sequences 

are understood to mean the set of elements needed for transcription of a gene into 
RNA (antisense RNA or mRNA) and for the translation of an mRNA into protein. 
Among the elements needed for transcription, the promoter assumes special 
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importance. It can be a constitutive promoter or a regulatable promoter, and can he 
isolated from any gene of eukaryotic, prokaryotic or viral origin, and even adenoviral 
origin. Alternatively, it can be the natural promoter of the gene of interest. Generally 
speaking, a promoter used in the present invention may be modified so as to contain 
regulatory sequences. As examples, a gene of interest in use in the present invention 
is placed under the control of the promoter of the immunoglobulin genes when it is 
desired to target its transfer to lymphocytic host cells. There may also be mentioned 
the HSV-1 TK (herpesvirus type 1 thymidine kinase) gene promoter, the adenoviral 
MLP (major late promoter), in particular of human adenovirus type 2, the RSV (Rous 
Sarcoma Virus) LTR (long terminal repeat), the CMV (Cytomegalovirus) early 
promoter, and the PGK (phosphoglycerate kinase) gene promoter, for example, 
permitting expression in a large number of cell types. 

As disclosed herein altering species tropism is demonstrated in BAV by 
replacement of the native fiber protein region with a heterologous mammalian fiber 
protein region. The present invention also encompasses replacement of one bovine 
serotype adenovirus fiber region with another bovine serotype adenovirus fiber region 
wherein said replacement is associated with altered bovine cell specificity. 
Alternatively, targeting of a recombinant BAV vector to a particular cell type can be 
achieved by constructing recombinant hexon and/or fiber genes. The protein 
products of these genes are involved in host cell recognition; therefore, the genes can 
be modified to contain peptide sequences that will allow the virus to recognize 
alternative host cells. 

Among genes of interest which are useable in the context of the present 
invention, there may be mentioned: 

- genes coding for cytokines such as interferons and interleukins; 

- genes encoding lymphokines; 
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- genes coding for membrane receptors such as the receptors recognized by 
pathogenic organisms (viruses, bacteria or parasites), preferably by the HIV virus 
(human immunodeficiency virus); 

- genes coding for coagulation factors such as factor VIII and factor IX; 
5 - genes coding for dystrophins; 

- genes coding for insulin; 

- genes coding for proteins participating directly or indirectly in cellular ion 
channels, such as the CFTR (cystic fibrosis transmembrane conductance regulator) 
protein; 

10 - genes coding for antisense RNAs, or proteins capable of inhibiting the 

activity of a protein produced by a pathogenic gene which is present in the genome of 
a pathogenic organism, or proteins (or genes encoding them) capable of inhibiting the 
activity of a cellular gene whose expression is deregulated, for example an oncogene; 

- genes coding for a protein inhibiting an enzyme activity, such as ccr 
1 5 antitrypsin or a viral protease inhibitor, for example; 

- genes coding for variants of pathogenic proteins which have been mutated so 
as to impair their biological function, such as, for example, trans-dominant variants of 
the tat protein of the HIV virus which are capable of competing with the natural 
protein for binding to the target sequence, thereby preventing the activation of HIV; 

20 - genes coding for antigenic epitopes in order to increase the host cell's 

immunity; 

- genes coding for major histocompatibility complex classes I and II proteins, 
as well as the genes coding for the proteins which are inducers of these genes; 

- genes coding for antibodies; 

25 - genes coding for immunotoxins; 

- genes encoding toxins; 

- genes encoding growth factors or growth hormones; 

- genes encoding cell receptors and their ligands; 
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- genes encoding tumor suppressors; 

- genes involved in cardiovascular disease including, but not limited to, 
oncogenes; genes encoding growth factors including, but not limited to, fibroblast 
growth factor (FGF), vascular endothelial growth factor (VEGF) ? and nerve growth 

5 factor (NGF); e-nos, tumor suppressor genes including, but not limited to, the Rb 

(retinoblastoma) gene; lipoprotein lipase; superoxide dismutase (SOD); catalase; 
oxygen and free radical scavengers; apolipoproteins; and paiA (plasminogen 
activator inhibitor-1); 

- genes coding for cellular enzymes or those produced by pathogenic 
10 organisms; and 

- suicide genes. The HSV-1 TK suicide gene may be mentioned as an 
example. This viral TK enzyme displays markedly greater affinity compared to the 
cellular TK enzyme for certain nucleoside analogues (such as acyclovir or 
gancyclovir). It converts them to monophosphorylated molecules, which can 

1 5 themselves be converted by cellular enzymes to nucleotide precursors, which are 

toxic. These nucleotide analogues can be incorporated into replicating DNA 
molecules, hence incorporation occurs chiefly in the DNA of dividing cells. This 
incorporation can result in specific destruction of dividing cells such as cancer cells. 
This list is not restrictive, and other genes of interest may be used in the 

20 context of the present invention. 

It is also possible that only fragments of nucleotide sequences of genes can be 
used (where these are sufficient to generate a protective immune response or a 
specific biological effect) rather than the complete sequence as found in the wild-type 
organism. Where available, synthetic genes or fragments thereof can also be used. 

25 However, the present invention can be used with a wide variety of genes, fragments 

and the like, and is not limited to those set out above. 
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In some cases the gene for a particular antigen can contain a large number of 
introns or can be from an RNA virus, in these cases a complementary DNA copy 
(cDNA) can be used. 

In order for successful expression of the gene to occur, it can be inserted into 
5 an expression vector together with a suitable promoter including enhancer elements 

and polyadenylation sequences, A number of eucaryotic promoter and 
polyadenylation sequences which provide successful expression of foreign genes in 
mammalian cells and construction of expression cassettes, are known in the art, for 
example in U.S. Patent 5,151,267, the disclosures of which are incorporated herein by 
10 reference. The promoter is selected to give optimal expression of immunogenic 

protein which in turn satisfactorily leads to humoral, cell mediated and mucosal 
immune responses according to known criteria. 

The foreign protein produced by expression in vivo in a recombinant virus- 
infected cell may be itself immunogenic. More than one foreign gene can be inserted 
15 into the viral genome to obtain successful production of more than one effective 

protein. 

Thus with the recombinant viruses of the present invention, it is possible to 
provide protection against a wide variety of diseases affecting cattle, humans and 
other mammals. Any of the recombinant antigenic determinants or recombinant live 

20 viruses of the invention can be formulated and used in substantially the same manner 

as described for antigenic determinant vaccines or live vaccine vectors. 

The present invention also includes pharmaceutical compositions comprising 
a therapeutically effective amount of a recombinant adenovirus vector, recombinant 
adenovirus or recombinant protein, prepared according to the methods of the 

25 invention, in combination with a pharmaceutically acceptable vehicle and/or an 

adjuvant. Such a pharmaceutical composition can be prepared and dosages 
determined according to techniques that are well-known in the art. The 
pharmaceutical compositions of the invention can be administered by any known 
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administration route including, but not limited to, systemically (for example, 
intravenously, intratracheally, intravascularly, intrapulmonarilly, intraperitoneally, 
intranasally, parenterally, enterically, intramuscularly, subcutaneously, intratumorally 
or intracranially) or by aerosolization or intrapulmonary instillation. Administration 
5 can take place in a single dose or in doses repeated one or more times after certain 

time intervals. The appropriate administration route and dosage will vary in 
accordance with the situation (for example, the individual being treated, the disorder 
to be treated or the gene or polypeptide of interest), but can be determined by one of 
skill in the art. 

10 The invention also encompasses a method of treatment, according to which a 

therapeutically effective amount of a BAV vector, recombinant BAV, or host cell of 
the invention is administered to a mammalian subject requiring treatment. 

The antigens used in the present invention can be either native or recombinant 
antigenic polypeptides or fragments. They can be partial sequences, full-length 

15 sequences, or even fusions (e.g., having appropriate leader sequences for the 

recombinant host, or with an additional antigen sequence for another pathogen). The 
preferred antigenic polypeptide to be expressed by the virus systems of the present 
invention contain full-length (or near full-length) sequences encoding antigens. 
Alternatively, shorter sequences that are antigenic (i.e., encode one or more epitopes) 

20 can be used. The shorter sequence can encode a "neutralizing epitope," which is 

defined as an epitope capable of eliciting antibodies that neutralize virus infectivity in 
an in vitro assay. Preferably the peptide should encode a "protective epitope" that is 
capable of raising in the host a "protective immune response;" i.e., an antibody- 
and/or a cell-mediated immune response that protects an immunized host from 

25 infection. 

The antigens used in the present invention, particularly when comprised of 
short oligopeptides, can be conjugated to a vaccine carrier. Vaccine carriers are well 
known in the art: for example, bovine serum albumin (BSA), human serum albumin 
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(HSA) and keyhole limpet hemocyanin (KLH). A preferred carrier protein, rotavirus 
VP6 ? is disclosed in EPO Pub. No. 0259149, the disclosure of which is incorporated 
by reference herein. 

Genes for desired antigens or coding sequences thereof which can be inserted 
include those of organisms which cause disease in mammals, particularly bovine 
pathogens such as bovine rotavirus, bovine coronavirus, bovine herpes virus type 1, 
bovine respiratory syncytial virus, bovine parainfluenza virus type 3 (BPI-3), bovine 
diarrhea virus, Pasteurella haemolytica, Haemophilus somnus and the like. Genes 
encoding antigens of human pathogens also useful in the practice of the invention. 
The vaccines of the invention carrying foreign genes or fragments can also be orally 
administered in a suitable oral carrier, such as in an enteric-coated dosage form. Oral 
formulations include such normally-employed excipients as, for example, 
pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium 
saccharin cellulose, magnesium carbonate, and the like. Oral vaccine compositions 
may be taken in the form of solutions, suspensions, tablets, pills, capsules, sustained 
release formulations, or powders, containing from about 10% to about 95% of the 
active ingredient, preferably about 25% to about 70%. Oral and/or intranasal 
vaccination may be preferable to raise mucosal immunity (which plays an important 
role in protection against pathogens infecting the respiratory and gastrointestinal 
tracts) in combination with systemic immunity. 

In addition, the vaccine can be formulated into a suppository. For 
suppositories, the vaccine composition will include traditional binders and carriers, 
such as polyalkaline glycols or triglycerides. Such suppositories may be formed from 
mixtures containing the active ingredient in the range of about 0.5% to about 10% 
(w/w), preferably about 1% to about 2%. 

Protocols for administering to animals the vaccine composition(s) of the 
present invention are within the skill of the art in view of the present disclosure. 
Those skilled in the art will select a concentration of the vaccine composition in a 
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dose effective to elicit an antibody and/or T-cell mediated immune response to the 
antigenic fragment. Within wide limits, the dosage is not believed to be critical. 
Typically, the vaccine composition is administered in a manner which will deliver 
between about 1 to about 1,000 micrograms of the subunit antigen in a convenient 
volume of vehicle, e.g., about 1-10 cc. Preferably, the dosage in a single 
immunization will deliver from about 1 to about 500 micrograms of subunit antigen, 
more preferably about 5-10 to about 100-200 micrograms (e.g., 5-200 micrograms). 

The timing of administration may also be important. For example, a primary 
inoculation preferably may be followed by subsequent booster inoculations if needed. 
It may also be preferred, although optional, to administer a second, booster 
immunization to the animal several weeks to several months after the initial 
immunization. To insure sustained high levels of protection against disease, it may 
be helpful to readminister a booster immunization to the animals at regular intervals, 
for example once every several years. Alternatively, an initial dose may be 
administered orally followed by later inoculations, or vice versa. Preferred 
vaccination protocols can be established through routine vaccination protocol 
experiments. 

The dosage for all routes of administration of in vivo recombinant virus 
vaccine depends on various factors including, the size of patient, nature of infection 
against which protection is needed, carrier and the like and can readily be determined 
by those of skill in the art. By way of non-limiting example, a dosage of between 10 3 
pfu and 10 15 pfu, preferably between 10 5 and 10 13 pfu, more preferably between 10 6 
to 10 11 pfu and the like can be used. As with in vitro subunit vaccines, additional 
dosages can be given as determined by the clinical factors involved. 

In some embodiments of the invention, recombinant cell lines are produced by 
constructing an expression cassette comprising the BAV El region, and/or other 
essential gene region and transforming host cells therewith to provide complementing 
cell lines or cultures expressing the El proteins for use with replication-defective 
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bovine adenoviruses modified to have altered tropism and lacking El function. 
These recombinant complementing cell lines are capable of allowing a defective 
recombinant BAV with deleted El sequences to replicate and express a desired 
foreign gene or fragment thereof which is optionally encoded within the recombinant 
BAV. These cell lines are also extremely useful in generating recombinant BAV, 
having an E3 gene deletion replaced by heterologous nucleotide sequence encoding 
for a foreign gene or fragment, by in vivo recombination following DNA-mediated 
cotransfection. More generally, defective recombinant BAV vectors, lacking one or 
more essential functions encoded by the BAV genome, can be propagated in 
appropriate complementing cell lines, wherein a particular complementing cell line 
provides a function or functions that is (are) lacking in a particular defective 
recombinant BAV vector. Complementing cell lines can provide viral functions 
through, for example, co-infection with a helper virus, or by integrating or otherwise 
maintaining in stable form a fragment of a viral genome encoding a particular viral 
function. 

In one embodiment of the invention, the recombinant expression cassette can 
be obtained by cleaving a BAV genome with an appropriate restriction enzyme to 
produce a DNA fragment representing the left end or the right end of the genome 
comprising El or E3 gene region sequences, respectively and inserting the left or 
right end fragment into a cloning vehicle, such as a plasmid, and thereafter inserting 
at least one heterologous DNA sequence into the El or E3 deletion with or without 
the control of an exogenous promoter. The recombinant expression cassette is 
contacted with a BAV genome within an appropriate cell and, through homologous 
recombination or other conventional genetic engineering method, a recombinant 
BAV genome is obtained. Appropriate cells include both prokaryotic cells, such as, 
for example, E. coli, and eukaryotic cells. Examples of suitable eukaryotic cells 
include, but are not limited to, MDBK cells, MDBK cells expressing adenovirus El 
function, primary fetal bovine retina cells, and cells expressing functions that are 
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equivalent to those of the previously-recited cells. Restriction fragments of the BAV 
genome other than those comprising the El or E3 regions are also useful in the 
practice of the invention and can be inserted into a cloning vehicle such that 
heterologous sequences may be inserted into non-El and E3 BAV sequences. These 
5 DNA constructs can then undergo recombination in vitro or in vivo, with a BAV 

genome, either before or after transformation or transfection of a suitable host cell as 
described above. For the purposes of the present invention, a BAV genome can be 
either a full-length genome or a genome containing a deletion in a region other than 
that deleted in the fragment with which it recombines, as long as the resulting 
10 recombinant BAV genome contains BAV sequences required for replication and 

packaging. Methods for transfection, cell culture and recombination in procaryotic 
and eukaryotic cells such as those described above are well-known to those of skill in 
the art. 

In another embodiment of the invention, the function of any viral region 
1 5 which may be mutated or deleted in any particular viral vector can be supplied (to 

provide a complementing cell line) by co-infection of cells with a virus which 

expresses the function that the vector lacks. 

If an insertion is made in a gene essential for viral replication, the adenovirus 

must be grown in an appropriate complementing cell line (i.e., a helper cell line). In 
20 human adenoviruses, certain open reading frames in the E4 region (ORF 3 and ORF 

6/7) are essential for viral replication. Deletions in analogous open reading frames in 

the E4 region of BAV-3 could necessitate the use of a helper cell line for growth of 

the viral vector. 

The BAV El gene products of the adenovirus of the invention transactivate 
25 most of the cellular genes, and therefore, cell lines which constitutively express El 

proteins can express cellular polypeptides at a higher level than normal cell lines. 
The recombinant mammalian, particularly bovine, cell lines of the invention can be 
used to prepare and isolate polypeptides, including those such as (a) proteins 
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associated with adenovirus El A proteins: e.g. p300, retinoblastoma (Rb) protein, 
cyclins, kinases and the like; (b) proteins associated with adenovirus E1B protein: 
e.g. p53 and the like; (c) growth factors, such as epidermal growth factor (EGF), 
transforming growth factor (TGF) and the like; (d) receptors such as epidermal 
growth factor receptor (EGF-R), fibroblast growth factor receptor (FGF-R), tumor 
necrosis factor receptor (TNF-R), insulin-like growth factor receptor (IGF-R), major 
histocompatibility complex class I receptor and the like; (e) proteins encoded by 
proto-oncogenes such as protein kinases (tyrosine-specific protein kinases and protein 
kinases specific for serine or threonine), p21 proteins (guanine nucleotide-binding 
proteins with GTPase activity) and the like; (f) other cellular proteins such as actins, 
collagens, fibronectins, integrins, phosphoproteins, proteoglycans, histones and the 
like, and (g) proteins involved in regulation of transcription such as TATA-box- 
binding protein (TBP), TBP-associated factors (TAFs), Spl binding protein and the 
like. 

The invention also includes a method for providing gene delivery to a 
mammal, such as a bovine or a human or other mammal in need thereof, to control a 
gene deficiency, to provide a therapeutic gene or nucleotide sequence and/or to 
induce or correct a gene mutation. The method can be used, for example, in the 
treatment of conditions including, but not limited to hereditary disease, infectious 
disease, cardiovascular disease, and viral infection. The method comprises 
administering to said mammal a live recombinant bovine adenovirus comprising a 
modification in a capsid protein, or fragment thereof, wherein said capsid protein is 
associated with tropism and said modification is associated with altered tropism and 
wherein said adenovirus vector further comprises a foreign polynucleotide sequence 
encoding a non-defective form of said gene under conditions wherein the 
recombinant virus vector genome is incorporated into said mammalian genome or is 
maintained independently and extrachromosomally to provide expression of the 
required gene in the target organ or tissue. These kinds of techniques are currently 
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being used by those of skill in the art for the treatment of a variety of disease 
conditions, non-limiting examples of which are provided above. Examples of foreign 
genes, nucleotide sequences or portions thereof that can be incorporated for use in a 
conventional gene therapy include, cystic fibrosis transmembrane conductance 
regulator gene, human minidystrophin gene, alpha- 1 -antitrypsin gene, genes involved 
in cardiovascular disease, and the like. 

In particular, the practice of the present invention in regard to gene delivery in 
humans is intended for the prevention or treatment of diseases including, but not 
limited to, genetic diseases (for example, hemophilia, thalassemias, emphysema, 
Gaucher's disease, cystic fibrosis, Duchenne muscular dystrophy, Duchenne's or 
Becker's myopathy, etc.), cancers, viral diseases (for example, AIDS, herpesvirus 
infection, cytomegalovirus infection and papillomavirus infection), cardiovascular 
diseases, and the like. For the purposes of the present invention, the vectors, cells 
and viral particles prepared by the methods of the invention may be introduced into a 
subject either ex vivo, (i.e., in a cell or cells removed from the patient) or directly in 
vivo into the body to be treated. 

The following examples are provided to illustrate but not limit the invention. 

EXAMPLES 

Example 1: Construction of BAV600 containing a human fiber gene 

To generate an BAV-3 vector with an altered tropism, the chimeric fiber gene 
construct containing the HAV-5 fiber knob fused to the BAV-3 tail and shaft was 
incorporated into the BAV-3 genome of BAV304, described in Reddy et al, supra 
1999 (Fig. 3). For the precise replacement of the wild-type BAV-3 fiber gene, a 
previously made plasmid pBAV301.gfp (Reddy et al, 1999) was used for 
modification of BAV-3 fiber. The resulting transfer vector pBAV-30LG5FK 
contained a CMV promoter driven green fluorescent protein (GFP) expression 
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cassette inserted into the E3 region, the chimeric BAV-3/HAV-5 fiber gene, and E4. 
This transfer vector was used for incorporation of GFP cassette and modified fiber 
gene into the backbone of an E3 deleted BAV-3 infectious plasmid., p.FBAV302 
(Zakhartchouk et aL, 1998), via homologous recombination in E. coli BJ5183 
(Chartier et al ? 1996), creating plasmid pFBAV-600. The viral genome was released 
from the plasmid by Pad digestion and used to transfect cell line ATCC accession 
number PTA156, fetal bovine retinal cells expressing El protein (see Reddy et al. 
1999, supra). The corresponding chimeric virus BAV600 was produced 21 days 
following transfection. 

Example 2: Characterization of BA V600 

BAV600 obtained from the transfection of fetal bovine retinal cells expressing 
El protein, ATCC accession number PTA156, was amplified in MDBK cells, and the 
viral DNA was extracted from infected cells. The DNA was analyzed after digestion 
with restriction enzyme BgAI and agarose gel electrophoresis (Figure 5 A). As shown 
in Figures 5A-5B, both the parental BAV302 and BAV304 had BgM fragment of 5.4 
kb at the right end of viral genome. The HAV-5 fiber knob region introduces an 
additional BgAI restriction enzyme site within the B AV600 genome. Therefore, 
diagnostic 1 .5 and 3.9 kb fragments were found after BgM digestion. Southern blot 
analysis with the HAV-5 fiber knob probe demonstrated the expected hybridization 
pattern for %/H-digested BAV600 (Figure 5B). 

Expression and assembly of the chimeric BAV-3 and HAV-5 fiber protein by 
recombinant BAV600 were examined by immunoprecipitation assay. Metabolically 
radiolabeled immunoprecipitates from the parental (BAV304; Reddy et al, 1999, 
supra) and chimeric (BAV600) viruses-infected MDBK cell lysates were subjected to 
SDS-PAGE under denaturing conditions. A wild -type HAV-5 containing a full- 
length fiber was also analyzed. Immunoprecipitation assay was carried out with a 
rabbit polyclonal antibody specific for the BAV3 fiber knob and an antifiber 
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monoclonal antibody, 1D6.14. The 1D6.14 antibody recognizes a trimerized HAV-5 
fiber knob and neutralizes HAV-5 through binding to knob domain (Douglas et aL, 
1996). As shown in Figure 6, the BAV-3 and BAV304 viruses contain fiber proteins 
with sizes of approximately 100 kDa which react with the rabbit polyclonal antibody 
specific for the BAV3 fiber knob, while the HAV-5 contains a fiber protein with a 
size of approximately 64 kDa. The presence of the HAV-5 fiber knob within the 
B AV600 chimeric virus was confirmed by immunoprecipitation analysis with the 
monoclonal antibody ID6.14 specific for the HAV-5 knob. 

The biological titer of the fiber chimeric virus BAV600 was compared with 
the BAV-3 and parental virus BAV304. Biological titers determined with MDBK 
cell monolayers indicated maximum plaque-forming titers of 10 s , 10 6 ? and 
10 5 PFU/ml for the BAV-3, BAV304, and BAV600, respectively. The result 
suggested that the fiber modification and GFP insertion in E3 region significantly 
alter the cellular production of the virus. 

Example 3: Transduction of human cell lines byBAV600 

To characterize the transduction efficiency of BAV304 and BA V600 in 
different human cell lines, FACS analysis was performed to determine the percentage 
of transduction of each cell line at different virus input (Fig 7A). Cells grown in T25 
flasks were infected at an MOI of 1 and 5 with either BAV304 or BAV600. Forty- 
eight hours after infection, the percentage of GFP-fluorescence positive cells were 
determined by flow cytometry. The percentage of transduction of each cell line was 
quantitated, and the fraction of dose is shown in Figure 7B. 293 cells were equally 
susceptible to transduction with both viruses (indicating that both the HAV-5 and 
BAV-3 receptors are present on the cell surface.) The transduction of HeLa and 
HEp-2 cells with BAV304 is dose dependent, with about 6% and 1 % respectively at 
an MOI of 1 and about 25% and 5% respectively at an MOI of 5. Both cells were 
efficiently transduced with BAV600. The percentage of transduction with BAV600 
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reaches maximum level even at an MOI of 1 (94% and 93% for HeLa and Hep-2 
respectively). In contrast less-efficient transduction of A549 cells with BAV600 was 
observed. These data taken together demonstrate that the BAV600 containing HAV- 
5 fiber knob was clearly superior to the BAV304 vector in transduction of human cell 
5 lines. 



Example 4: HA ¥-5 and BA V-3 neutralizing antibodies in human serum 

Preexisting neutralizing antibodies against HAV-5 in clinical patients 
represent a major obstacle for efficient use of HAV-5 in human gene therapy 

10 protocol. In order to explore the possibility for use of BAV-3 as an alternative vector 

to HAV-5 -derived vectors, it was determined whether preexisting anti-HAV-5 
neutralizing antibodies were also cross-reactive with BAV-3. 105 random samples 
of human sera from clinical patients were tested. Three (#50, 97, and 102) were 
found containing high titer of HAV-5 neutralizing antibodies ranging between 1 :800 

15 to 1 ,6000. These sera were tested for their ability to inhibit BAV-3 -induced plaque 

formation on MDBK cells. Our data demonstrated that none of these HAV-5 
positive sera showed effect on BAV-3-induced plaque formation at a dilution of 
1/50. 



20 Example 5; Replication of BAV-3 in human cell lines 

Virus production and the time course of virus infection were studied in 
different human cell lines to determine their degree of permissivity for BAV-3 
growth. Confluent monolayer cultures of each cell line (HeLa, HEp-2, 293 and 
A549) were infected- with BAV-3 at an MOI of 10 and virus production at different 

25 time intervals after infection was assayed by titration of the cell lysates on MDBK 

cell monolayers. Virus growth in permissive MDBK cells resulted in, as expected, 

Q 

maximum yields of 10 pfu/ml by 48 hours after infection. In contrast, the level of 
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BAV-3 production in all four human cell lines was constantly diminished, suggesting 
that there is a complete absence of viral replication in these human cell lines. 

Example 6: Expression of early and later BAV-3 proteins in human cell lines 

Viral proteins include early proteins (E1B small and single-stranded DNA 
binding protein [DBP])and late proteins (penton base and fiber). To identify the 
expression of early and late viral proteins in human cell lines, viral protein production 
was analyzed by Western immunoblotting. Cultures were infected with BAV-3 at an 
MOI of 10. At intervals after infection, cell extracts were prepared from each culture, 
separated on 10% SDS-PAGE, and transferred to nitrocellulose. Antigens 
immobilized on the nitrocellulose sheets were probed by reaction with rabbit 
polyclonal antibodies against E1B small, DBP, penton base, and fiber respectively. 
As expected, the E1B small and DBP antisera reacted with bands in 19 and 50 kDa, 
respectively, from BAV-3 -infected MDBK cells. In contrast, all human cell lines 
except 293 cell lines showed no positive reactions with anti-ElB small or DBP 
polyclonal antibodies. No structural proteins were detected from BAV-3- infected 
human cell lines. These results indicated that the replication of BAV-3 in the 
majority of human cells tested in this study was blocked at E1B small level. 

Example 7: Neutralization ofBAV600 by an monoclonal antibody specific for EAV -5 
fiber knob 

It was hypothesized that BAV600 carrying the HAV-5 fiber knob should be 
neutralized by an antibody specific for HAV-5 knob. To confirm this, duplicate 
aliquots containing 100 pfu of BAV-3 or BAV600 were incubated at room 
temperature for two hours with serial twofold dilutions of a rabbit polyclonal 
antibody specific for the BAV3 fiber knob or a monoclonal antibody, 1D6.14, against 
HAV-5 fiber knob domain. MDBK cells were then infected with pre-incubated 
BAV-3 or BAV600 virus. Cells were incubated for 14 days to allow a complete CPE 
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to develop- The data show that that none of the viruses were neutralized by serum 
from normal rabbit serum or a control monoclonal antibody 2C8 specific for bovine 
herpesvirus gD protein. BAV-3 and B AV600 were each neutralized by a rabbit 
polyclonal antibody specific for the BAV3 fiber knob (1:800) and ID6.14 (1 :3,200) 5 
5 respectively. However, neither virus was neutralized by the reciprocal antiserum 

even at a dilution of 1 :50. This further confirmed that BAV600 carried the HAV-5 
fiber knob. 
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